Single crystals of lanthanide complexes (Ln = Pr, Nd, Eu) were obtained from aqueous solutions. Optical properties of the title compound are investigated by absorption, excitation, and emission spectra. Probabilities of electronic transitions were analysed and participation of vibronic components in the spectra were found. Temperature effect on the spectra was studied and analysed in terms of cooperative interaction.
Introduction
Recently we have reported the spectroscopic and crystal stucture data of series of lanthanide polymeric and dimeric complex compounds with amino acids and peptides which can be considered as a model of systems of biological interest [1] [2] [3] [4] .
The effect of ligand chirality on the stucture and influence of polymeric and dimeric structures on spectroscopic properties of investigated systems was found [1 , 2] . Now, we present the spectroscopic and structure data of lanthanide dimeric single crystals with L-isoleucine as second example of dimeric compound. The problems which we wanted to solve are the following: a) the influence of the ligand stucture on Me-L bonding length; b) the confirmation of ligand chirality on creation of non-centrosymmetric dimeric units and its spectroscopic consequences; c) the confirmation of the effects of dimeric stucture on the broadening of optical lines; d) the participation of cooperative interaction in dimeric stucture and vibronic coupling in electronic lines.
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Experimental
Single crystals of title compounds were obtained from Ln(ClO4)3 water solution at pH . 3.5 where the concentration of L-isoleucine was below Ln3+ concentration [5] . X-ray results were collected using a KUMA diffractometer. Absorption spectra at 5 and 300 K were recorded on the Cary-Varian spectrophotometer. AMINCO SPF-500 spectrofluorometer was used for the luminescence and excitation spectra detection at 77 K.
Results and discussion
Selected Me-L and Ln-Ln distances are presented in Table I . Crystal stucture data indicate the creation of non-centrosymmetric dimers with two nonequivalent lanthanide ions positions and coordination number = 8 ( Fig. 1) . The coordination polyhedron can be described as close to the square antiprism. The isoleucine branching chain results in lengthening the Me-L bonds compared to those observed in complexes with L-alanine [6] , which should be reflected in intensity of hypersensitive transition. Tables II and III collect the oscillator strength values at 300 and 5 K for neodymium and praseodymium single crystals and the Judd-Ofelt parameters calculated using the ICM programme [7, 8] . The intensities of optical lines connected with hypersensitive transition confronted with the intensities of the respective transition observed in single crystals of L-alanine complex compounds are decreased by lowering of Ln-O bond lengths (L-isoleucine; Eu2mean = 2.491, Eu1mean = 2.445, L-α-alanine; Eu1mean = 2.415). This effect was found in the Nd spectra.
Judging from the decrease in intensity at 5 K the vibronic coupling manifests in the intensity of spectral lines (see Fig. 2 and Table II) . Moreover, this effect is quite well demonstrated in the complex stucture of absorption and emission bands at low temperatures. Figures 2 and 3 show electronic spectra at 300, 77 and 5 K. The complex stucture of the bands observed in the absorption, emission, and excitation spectra mainly of those related to the transitions which obey the selection rule |ΔJ| = 2.0 is striking. Besides weak components of main lines, the significant broadening of electronic lines is observed (see Fig. 2 ).
The weak sidebands result from vibronic coupling whose intensity, according to the theoretical model given by Judd [9] , Dexpert-Ghys and Auzel [10] , and Stavola [11] , depend on the matrix elements (||(1( 2 )||) of the respective electronic transition. According to the Blasse et al. consideration it can be described as follows [9] :
where Pv is the oscillator strength of the vibronic transition involved, v -its frequency, n is the number of ligand around Me, g and α are the charge and polarizability of the ligand, R is the Me-ligand distance, Ξ (1, 2) is defined by Judd [7] and connected with the opposite-parity configuration mixing, J and J' are the total quantum numbers of the initial and final electronic states. (||U (2)||) is the matrix element of the reduced tensor operator and (||Τ (1) |) is the matrix element of the electric dipole operator of (0) and (p) vibrational states.
Since the vibronic components belong to the electronic transitions with different (||U( 2 )||) matrix elements, the intensities observed in the luminescence excitation and absorption spectra are different (see Figs. 2, 3) .
Assignments of the vibronic components are given in Table IV . Only those vibration modes are considered which were found in composition of vibration mode with different Stark components for given electronic transition and from absorption and excitation Eu3+ spectra.
Moreover, judging from X-ray analysis (Nd-Nd distances in Table I ) one can expect the ion-pairs interaction and its effect on optical lines. In fact, the low temperature spectra indicate both broadening of the electronic lines and relatively strong additional components easily observed in the 4 I9/2 -4 2P1 /2 transition at 5 K and additional components in many electronic lines whose number exceeds the number of lines for two nonequivalent Ln ions position in the structure.
The cooperative interaction in praseodymium and neodymium ionic compounds was investigated by Vial and Buisson [13] , Malinowski and Stręk [14] . They explain it by exchange or multiple interactions in the excited states. Those additional components observed by us are results of the exchange, multipole or phonon mediated interactions in the excited states.
At this moment of investigation it is difficult to say which mechanism is predominating.
Confirmation of Ln-Ln interaction was found by us [15] in similar polymeric lanthanide systems by EPR investigation.
Comparison of spectroscopic results of the data presented here with those reported earlier [1, 2] indicates the same order of broadening of the optical lines in both systems, confirming the influence of dimeric structures of investigated compound on its spectroscopic properties.
